A halophilic bacterial strain, X49
The genus Kushneria belongs to the family Halomonadaceae; it was originally classified within the genus Halomonas [1] and the genus Kushneria was first suggested by SanchezPorro and collaborators based on phenotypic, phylogenetic, genotypic and chemotaxonomic analyses [2] . At the time of writing, there are six species of the genus Kushneria with validly published names: Kushneria aurantia [2] , Kushneria avicenniae [3] , Kushneria indalinina [4] , Kushneria marisflavi [5] , Kushneria pakistanensis [6] and Kushneria sinocarnis [7] . Members of the genus Kushneria have mostly been discovered in saline environments, such as sea water [5] , the salty leaves of black mangroves [2, 3] , solar salterns [4] , Chinese cured meats [7] and the rhizosphere of sugarcane in salt mines [6] . The genus Kushneria is characterised by halophilic, mesophilic, Gram-stain-negative and strictly aerobic taxa. The G+C content of their DNA is 59.0-61.7 mol%, and the major fatty acids are C 16 : 0 , C 18 : 1 !7c, C 19 : 0 cyclo!8c and C 12 : 0 3OH.
To study the microbial diversity in fermented food, several bacterial strains were isolated and the taxonomic relationships of the novel strains were characterized taxonomically.
A gamma-proteobacterial strain, designated X49
T , was isolated from Daemi-jeot, a traditional Korean salted and fermented seafood, which is made of larval gizzard shad (Konosirus punctatus) with solar salt. The liquid portion (1 ml) of the sample, homemade Daemi-jeot, was obtained from a market in Goheung country, serially diluted with PBS and a sample diluted 1000x was spread onto marine agar (MA; BD). The plate was aerobically incubated at 25 C and a single colony was repeatedly transferred at least three times to new marine agar to obtain pure isolates. The isolate was later maintained on Luria-Bertani agar (LA; BD) containing NaCl (4 % w/v) at 30±1 C for all experiments, unless stated otherwise.
To determine the genetic characteristics of X49 T , genomic DNA was extracted and purified according to previously described methods [8] . Genomic DNA was used as the template for 16S rRNA and 23S rRNA PCR with Ex Taq PCR premix Taq (Takara) and universal bacterial primer sets. For 16S rRNA gene amplification, universal bacterial primers 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-AAGGAGGTGATCCAGCCGC-3¢) were used. For 23S rRNA gene amplification, two primer sets, 1310V  (5¢-GAGTCTGCAACTCGACT-3¢) and 985R (5¢-CCGG  TCCTCTCGTACT-3¢) as well as 1023V (5¢-GCGTAA  YAGCTCACT-3¢) and 504R (5¢-SWGTTCGRVAWGGGA-3¢) were used. PCR amplicons of the 16S rRNA gene and 23S rRNA gene were purified using a QIAquick PCR Purification Kit (Qiagen) and then sequenced using an ABI Prism 3730XL DNA Analyzer (Applied Biosystems) with a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems). For 16S rRNA gene sequencing, four universal bacterial primers were used: 27F (5¢-AGAGTTTGA TCMTGGCTCAG-3¢), 518F (5¢-CCAGCAGCCGCGG-TAATACG-3¢), 907R (5¢-CCGTCAATTCMTTTRAGTTT-3¢) and 1492R. For 23S rRNA gene sequencing, nine bacterial primers were used: 992IRry97 (5¢-TTCCCTCACRG-TACT-3¢), 1020IRrmz98 (5¢-TCTGGGYTGTTYCCCT-3¢), 992IRvm97 (5¢-AGTACCGTGAGGRAA-3¢), 1019IRvm97 (5¢-TAGCTGGTTCTYYCCGAA-3¢), 1037IRrm97 (5¢-CT TACCCGACAAGGAATTTCG-3¢), 987IRry97 (5¢-CTTA-GATGCNTTCAG-3¢), 1027VIR (5¢-AAACCGACA-CAGGTRG-3¢), 328IRvm97 (5¢-TCCTAAGGTAGCGAAA TTCCTTG-3¢) and 1042GPHI (5¢-GTTTGGCACCTC-GATGTCGRCTC-3¢) [9] . The resulting 16S rRNA and 23 rRNA gene sequence fragments were assembled using SeqMan 5.0 (DNASTAR). The assembled 16S rRNA and 23 rRNA gene sequences of X49
T were compared with sequences in the EzTaxon database (http://www.ezbiocloud.net/ identify) [10] T are GU198748 and GU321108, respectively.
Multiple sequence alignments of 16S rRNA and 23S rRNA gene sequences of strain X49 T and its closely related species were generated using CLUSTAL W [11] , and phylogenetic analyses of the 16S rRNA and 23S rRNA genes were performed using MEGA 6.0 [12] . Distances and clustering patterns were determined using the neighbour-joining [13] , maximum-likelihood [14] and maximum-parsimony [15] algorithms. Bootstrap support was estimated based on 1000 replicates. In the phylogenetic trees for both 16S rRNA and 23S rRNA, strain X49
T formed a cluster with the species of the genus Kushneria:
T and K. avicenniae MW2a T . This cluster was distinct from other species of the genera belonging to the family Halomonadaceae (Figs 1 and 2 T was obtained from the authors of a previous study [7] . These six type strains were used as reference strains for fatty acid composition, API kit and Tween hydrolysis tests. X49
T and reference strains were grown on LA containing NaCl (4 % w/v) at 30 ±1 C for 3 days, unless stated otherwise.
The genome sequencing of strain X49 T and the most closely related type strain, K. marisflavi SW32 T , were performed with a PacBio RSII platform by the commercial sequencing service provider (Macrogen). Whole-genome sequences were assembled using a de novo method using HGAP v.3 and were annotated with Prokka v.1.12b. The complete genome of strain X49
T was composed of a circular, single chromosome of 3 584 631 bp, and no plasmid was detected. Four copies of rRNA operon were identified. The genomic DNA G+C content was determinded to be 59.1 mol%, which is within the broad range described for species belonging to the genus Kushneria (59-61.7 mol%). The complete genome size of K. marisflavi SW32
T was 3 667 185 bp and the genomic DNA G+C content was 59.05 mol%.
To determine the relatedness between strain X49
T and K. marisflavi SW32 T , average-nucleotide identity (ANI) analyses were determined using an online calculator (http://www. ezbiocloud.net/tools/ani). The relatedness level and its reciprocal value between the whole-genome sequence of strain X49 T and K. marisflavi SW32 T (89.32 and 89.26 %, respectively) fell well below the threshold of 95 %, so it is proposed that strain X49
T represents a genotypically distinct species [16] .
The cell morphology of strain X49 T was observed by transmission electron microscopy (JEM-1010; JEOL) and light microscopy (ECLIPSE 50i; Nikon) using standard Gram staining methods. Gram staining was performed using a Gram-staining kit (bioM erieux), according to the manufacturer's instructions. Motility was examined on 0.4 % semisolid MA [17] . Anaerobic growth was monitored by culturing for 14 days on MA at 37 C in an anaerobic chamber with an atmosphere of N 2 /CO 2 /H 2 (90 : 5 : 5, by vol.). Colonies of strain X49
T were orange and circular with entire margins on MA. Strain X49
T was Gram-stain-negative, obligately aerobic, motile and oval or rod-shaped (0.5-1.0 µm widex1.2-3.2 µm long) with a flagellum (Fig. S1 , available in the online Supplementary Material).
The growth of X49 T was examined using marine broth (MB) medium at NaCl concentrations of 0-20 % (at 1 % intervals), 22, 24, 26 and 30 % (w/v) at 30 C in an aerobic incubator. Growth was examined in MB adjusted to T with respect to members of the genus Kushneria. The tree was reconstructed using the neighbour-joining method. Numbers at nodes indicate bootstrap support values (1000 replicates) for neighbour-joining, maximum-likelihood and maximum-parsimony analyses. Closed circles indicate the nodes that were also generated using the maximum-likelihood and maximum-parsimony methods. Bootstrap values greater than 50 % are shown. Carnimonas nigrificans CTCBS1
T was used as the outgroup. Scale bar, 0.01 accumulated changes per nucleotide.
Kushneria konosiri X49 T (GU321108)
Kushneria marisflavi SW32 T (AM941753) T with respect to members of the genus Kushneria. The tree was reconstructed using the neighbour-joining method. Numbers at nodes indicate bootstrap support values (1000 replicates) using neighbour-joining, maximum-likelihood and maximum-parsimony analyses. Closed circles indicate the nodes that were also generated using the maximum-likelihood and maximum-parsimony methods. Bootstrap values greater than 50 % are shown. Carnimonas nigrificans CTCBS1
T was used as the outgroup. Scale bar, 0.01 accumulated changes per nucleotide. [7] . API kit results and Tween hydrolysis test results were obtained in the present study. All strains were positive for catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8) Catalase activity was determined based on bubble formation in a 3 % (v/v) H 2 O 2 solution, and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine (bioM erieux). Strain X49 T was characterised biochemically using the API ZYM and API 20NE systems (bioM erieux), according to the manufacturer's directions. Acid production from carbohydrates was also determined using the API 50CHB system with API 50CHB/E medium (bioM erieux), according to the manufacturer's instructions, but with 4 % (w/v) NaCl present. Hydrolysis of Tweens 20, 40, 60 and 80, starch and aesculin (each 1 % on MA plates) was evaluated after 7 days. Reference strains were also tested for comparison in biochemical tests. Table 1 summarises the results of this study and comparative analyses.
A chemotaxonomic characterisation of strain X49
T was performed based on comparisons of its composition with respect to cellular fatty acids, isoprenoid quinones and polar lipids with those of reference strains. As described by Collins and Jones [18] , the isoprenoid quinones of strain X49 T and reference strains were extracted using a chloroform: methanol (2 : 1, v/v) mixture, concentrated using a vacuum evaporator and identified by HPLC using a Hypersil ODS C18, 250Â4.6 mm column. HPLC conditions, including the mobile phase (methanol: isopropanol, 2 : 1 vol/vol), flow rate (1 ml min
À1
) and running temperature (40 C), were held constant. Cellular fatty acid methyl esters of strain X49
T and the reference strains were extracted and identified as described by Sasser [19] , according to the protocol of the Microbial Identification System (MIDI) by gas chromatography. For identification and comparison, the TSBA6 library of the MIDI System (Sherlock version 6.2) was used. The cellular fatty acid profiles of strain X49
T and the reference strains are presented in Table 2 . Polar lipids of strain X49 T were extracted based on a method described by Xin et al. [20] with modifications, and separated by TLC (Merck 
*Additional results were obtained from previous studies. T was ubiquinone Q9 (93 %) and the minor quinones present were ubiquinone Q8 (4 %) and Q10 (3 %). The predominant fatty acids were C 16 : 0 and C 18 : 1 !7c, followed by summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and C 12 : 0 3OH (Table 2) . Two unidentified lipids, two unidentified aminophospholipids, two unidentified phospholipids, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylserine were confirmed as the predominant polar lipids of X49 T (Fig. S2 ).
Our polyphasic taxonomic study identified that strain X49 The type strain, X49
T (=KACC 14623 T =JCM 16805 T ), was isolated from a Korean salt-fermented gizzard shad. The genomic DNA G+C content of the type strain is 59.1 %. 
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